Objective-The goal of this study was to determine differences in risks for total and cause-specific mortality related to calcified atherosclerosis in different vascular beds. Methods and Results-A total of 4544 patients underwent computed tomography scans that were interrogated for calcium in different vascular beds. Mortality assessment was conducted by death certificate adjudication. At baseline, the mean age was 56.8 years, and 43% were female. After an average of 7.8 years, there were 163 deaths. With full adjustment, the presence of calcium in the thoracic aorta (hazard ratio [HR], 2.1; 95% confidence interval [CI], 1.2-3.5), carotids (HR, 1.60; CI, 1.1-2.5), and iliac (HR, 1.67; CI, 1.0 -2.9) arteries were associated with total mortality, whereas the presence of coronary calcium was associated with cardiovascular disease (CVD) mortality (HR, 3.4; CI, 0.8 -10.9). For severity of calcium burden, a 1-SD increment in the iliac arteries was the strongest predictor for all types of mortality. C-statistics were not significantly larger when noncoronary vascular beds were added to models with CVD risk factors or CVD risk factors plus coronary artery calcium. Conclusion-The associations between calcified atherosclerosis and mortality differ by vascular bed, suggesting that the location and severity of calcification in different vascular beds provide unique information for mortality. (Arterioscler Thromb Vasc Biol. 2012;32:140-146.)
C oronary artery calcium (CAC) is a significant predictor of future cardiac events independent of traditional risk factors. 1 When added to the traditional cardiovascular disease (CVD) risk factors, CAC improves the ability to correctly classify individual risk for incident CVD. 2 Similarly, the presence of calcified atherosclerosis in the thoracic aorta is independently associated with total mortality, 3 with earlier studies showing that the presence of calcified atherosclerosis of the abdominal aorta is associated with incident fatal and nonfatal CVD. 4 To our knowledge, no study has examined the association between calcified atherosclerosis in 5 distinct vascular beds and incident mortality. In this report, we present results of a study that tested the ability of calcified atherosclerosis from computed tomography (CT) in the carotid, coronary, thoracic aorta, abdominal aorta, and iliac vascular beds to predict incident total, CVD, and non-CVD mortality.
Methods

Subjects
From November 30, 2000, to July 30, 2003, 4544 consecutive patients underwent whole-body CT scanning as an adjunct to their preventive health care at a university-affiliated disease prevention center in San Diego, California. Most patients were asymptomatic and either self-referred or were referred on the recommendation of their personal physician. Participants completed a detailed health history questionnaire that collected information on hypertension, diabetes, high cholesterol, smoking, medications, family history of coronary heart disease, diet, exercise, and prior surgeries. The Human Research Protection Program at the University of California at San Diego approved the study protocol.
Imaging
CT was conducted using an Imatron C-150 scanner. At the time of the scan, calcium was quantified in the carotid and coronary arteries using the method described by Agatston et al 5 For the thoracic and abdominal aorta, as well as the iliac arteries, image files were retrospectively examined for the presence and extent of calcium due to atherosclerosis. Atherosclerotic calcification was defined as a plaque of Ն1 mm 2 (3 contiguous pixels) with a density of Ն130 Hounsfield units. Volume averaging was avoided by scoring each homogeneous slice thickness segment separately.
Data from the left and right sides were combined to give the extent of calcium in the carotid and iliac beds. The coronary calcium score consisted of calcified lesions in the left main, left anterior descending, left circumflex, and right coronary arteries. The thoracic aorta was defined as the segment from the aortic root to the diaphragm, and the abdominal aorta was the segment from the diaphragm to the iliac bifurcation.
Laboratory
Body mass index was determined by measuring the height and weight from patients who were lightly clothed (without shoes). Percentage of body fat was determined by electric bioimpedance analysis (Omron, Schaumburg, IL). Random (ie, potentially nonfasting) serum lipid and glucose measurements were obtained by finger-stick using the Cholestec LDX system (Hayward, CA). Diabetes was defined as having a blood glucose level greater than 200 or use of antiglycemic medication. Dyslipidemia was defined as a ratio of total cholesterol to high-density lipoprotein cholesterol greater than 5 or use of a cholesterol-lowering medication. After the patient had rested for 5 minutes in the seated position, trained technicians obtained systolic and diastolic blood pressures in the right upper extremity. Hypertension was defined as having a systolic blood pressure greater than 140 or diastolic pressure greater than 90 or use of hypertensive medication for this condition. A family history of premature coronary heart disease was defined as a first-degree family member (parent or sibling) diagnosed with heart disease before the age of 55.
Vital Status Ascertainment
Beginning in 2005 and continuing annually until August 31, 2009, the vital status of all patients was cross-referenced with the Social Security Death Index. Patients identified in the Social Security Death Index were cross-referenced with the study records to confirm their identity. Pertinent information from the Social Security Death Index was recorded and subsequently used with other patient identifiers for requesting death certificates from the appropriate institutions. Once received, the cause of death was adjudicated by a physician (M.A.A.) with expertise in coding causes of death for other collaborative studies. Using the underlying cause of death, the coding was then categorized into CVD and non-CVD causes.
Statistical Analysis
Normally distributed continuous variables were described by means/ standard deviation (SD), and categorical variables were described as frequencies/percentage. As the distribution of calcium in the different vascular beds was highly skewed, we dichotomized these variables into present (score Ͼ0) versus absent (score of 0) and also natural log-transformed these variables for the analyses when the quantity of calcium (plus 1) was used. Analysis of covariance was used to compute the age-and sex-adjusted differences in study variables by the presence versus absence of vascular calcium. Multivariable adjusted hazards of mortality were computed using Cox-proportional hazards models and satisfying the proportional hazards assumption. Differences in survival were tested using the log-rank (Mantel-Cox) test. Receiver operator characteristic analyses were conducted from logistic regression models, and the probability values were compared between different models using the method described by DeLong et al. 6 Statistical significance was defined as a probability value Ͻ0.05. Analyses were conducted using SPSS, version 16 (SPSS Inc, Chicago, IL), and SAS version 9.1.3 (SAS Institute, Cary, NC).
Results
At the baseline clinic visit, the mean (SD) age was 56.8 (11.2) years, 43% were female, and 44% were either current or former smokers; 27% had a history of hypertension, 33% had a history of dyslipidemia, 3% had a history of diabetes, and 25% reported a family history of coronary heart disease. The prevalence of any calcium for the different vascular beds was as follows: carotid, 32.2%; coronary, 55.8%; thoracic aorta, 38.2%; abdominal aorta, 54.8%; and iliacs, 50.2%.
The average time from CT scan to censoring due to either mortality or end of study was 7.8 years. As of August 31, 2009, there were 163 (2.9%) deaths, for which we have received 129 death certificates. Of these, CVD was the underlying cause of death in 40 (31%), whereas 52 (40%) were due to cancer, 8 (6%) to infection, 7 (5%) to neurodegenerative disease, and the remainder (22 [18%] ) to other causes. Table 1 shows the characteristics of the patients by vital status. The mean age of those who died was 69.2 years, with The rates of smoking, diabetes, dyslipidemia, hypertension, and family history of heart disease were higher in those who died from either non-CVD or CVD causes. Similarly, the prevalence and median calcium scores were higher in all vascular beds studied among those who died from either cause. Additionally, compared with the non-CVD and total mortality groups, calcium prevalence and scores were higher in the CVD mortality group. For all of the vascular beds and compared with those with no calcium in a given bed, those who had any calcium in the different beds were significantly more likely to be older and male. With adjustment for age and sex, the prevalence of hypertension, diabetes, dyslipidemia, and former or current smoking was significantly higher in those with calcium in all of the different vascular beds. Body mass index was significantly higher in those with calcium in the carotids, coronaries, and iliac arteries, whereas the prevalence of a family history of CVD was significantly higher in those with calcium in any of the beds except for the carotids.
Panels A through C of the Figure show Kaplan-Meier survival curves for total, CVD, and non-CVD mortality, respectively, as a function of calcium in the different vascular beds. For all vascular beds and compared with the absence of calcium in any given vascular bed, the presence of calcium in any vascular bed was associated with a significantly lower survival (PϽ0.01 for all). For total mortality (Figure, A) , those with any calcium in the carotid arteries had the lowest probability of survival, whereas those without any calcium in the abdominal aorta had the highest probability. The total mortality survival curves showed the least separation for those with CAC compared with those with no CAC and the largest separation for the presence/absence of calcium in the thoracic aorta. In comparing survival curves for the case when calcium was present in the different vascular beds, the curves for the carotid arteries and thoracic aorta were significantly different from the curves for the coronaries, abdominal aorta, and iliacs (PϽ0.05 for all). The curves for these 3 beds were not significantly different from one another. Conversely, when calcium was absent, there were no significant differences in the survival curves among the different vascular beds. The findings for non-CVD mortality (Figure,  B ) were essentially the same as those for total mortality.
Figure. A,
The survival curves for CVD mortality (Figure, C) showed that those with any calcium in the thoracic aorta or carotid arteries had the lowest probability of survival, whereas those without any thoracic aortic calcium appeared to have the highest probability of CVD survival. As for total mortality, survival curves for CVD mortality showed the least separation for those with CAC compared with those with no CAC and the largest separation for the presence/absence of calcium in the thoracic aorta. However, pairwise comparisons of the different survival curves found only 1 case where the curves were marginally difference (Pϭ0.08): the presence of calcium in the thoracic aorta compared with calcium in the coronary arteries.
The multivariable associations between the presence of calcium in a given vascular bed and total, CVD, and non-CVD mortality are provided in Table 2 . With adjustment for age and sex, the presence of calcium in any of the different vascular beds, except the abdominal aorta, was associated with a significantly increased hazard for total mortality, with the largest magnitude of associations being for calcium in the thoracic aorta. Additional adjustment for body mass index and the traditional CVD risk factors attenuated the magnitudes of the associations such that only calcium in either the carotid arteries or thoracic aorta remained statistically significantly associated with incident total mortality. For the associations with non-CVD mortality, the magnitudes of the associations were somewhat less than those for total mortality, but in general, the patterns of the associations were similar. As before, the largest hazard ratio was found for the thoracic aorta. For CVD mortality and after adjustment for the CVD risk factors, the association was modestly stronger for CAC (hazard ratio [HR], 3.37; Pϭ0.10) than for thoracic aortic calcium (3.01, Pϭ0.09).
We also examined the associations between increasing increments of calcium in the different vascular beds and mortality. For total mortality (Table 3 ) and after adjustment for age, sex, body mass index, and the traditional CVD risk factors (model 3), a 1-SD increment of log-transformed calcium was significantly (PϽ0.01) associated with an increased mortality risk for all of the vascular beds. The hazard ratios ranged from 1.63 to 1.22, with the largest hazard being associated with calcium in the iliac arteries and the lowest being associated with the coronary arteries. For both CVD and non-CVD mortality, the largest association was found for calcium in the iliac arteries.
To account for the potential effect of systemic calcification, to model 3 in Tables 2 and 3 we added adjustment for the presence of calcium, as well as increasing increments of the total calcium score, in the other vascular beds (data not shown). For all types of mortality in Table 2 , the results were not materially changed when we also adjusted for the presence of calcium in any of the beds that were not the primary predictor variable for a given model (eg, noncoronary calcium when CAC was the primary predictor variable). Conversely, for the calcium burden analyses, when we adjusted for increasing increments of calcium in the other vascular beds that were not the primary predictor variable (Table 3) , the associations were attenuated to statistical nonsignificance.
The results of the receiver operator characteristic analyses are presented in Supplemental Table I , available online at http://atvb.ahajournals.org. Compared with the area under the curve for when CAC was added to the traditional CVD risk factors and for total, non-CVD, and CVD mortality, the areas under the curve were larger (albeit modestly) for nearly all comparisons when the different noncoronary vascular beds were separately added to the CVD risk factors ( Supplemental  Table IA ). In all cases, the areas under the curve increased when each noncoronary vascular bed was separately added to a model that contained both the CVD risk factors and CAC ( Supplemental Table IB ).
Interactions between gender and calcium in the different vascular beds for the 3 different types of mortality were assessed. None were significant.
Discussion
In this historical cohort study of individuals presenting for preventive medicine services at a university-affiliated disease prevention center, calcium in different vascular beds was associated with higher risk of total, non-CVD, and CVD mortality. Specifically, the presence of calcium in the thoracic aorta or the carotid arteries was significantly associated with an increased hazard of total and non-CVD mortality. The presence of calcium in the thoracic aorta was also associated with a higher risk for CVD mortality, but this association was smaller than that for the presence of calcium in the coronary arteries. Notably, C-statistics from receiver operator charac-teristic analyses revealed that the areas under the curves were not significantly larger when the noncoronary vascular beds were added to models with either the traditional CVD risk factors alone or those that also included CAC. In contrast and after adjustment for the CVD risk factors, increasing increments of calcium in any of the vascular beds were, in general, associated with total, CVD, and non-CVD mortality. In these analyses, the largest magnitude of the associations was found for calcium in the iliac arteries, followed by calcium in the abdominal aorta. Notably, addition of the traditional CVD risk factors to the multivariable models resulted in the associations becoming nonsignificant for a number of the vascular beds. This suggests that the association between calcium in the different vascular beds and incident mortality is partially mediated by the CVD risk factors. Taken together, these results indicate that the presence of or increasing increments of calcium are risk factors of not only CVD but also non-CVD causes of mortality. However, based on the receiver operator characteristic analyses, it appears that the presence of calcium in other vascular beds provides limited additional information for discriminating fatal events beyond that provided by traditional CVD risk factors or CAC alone.
An interesting finding from this study is that when calcium was dichotomized into present versus absent, the vascular beds significantly associated with the different types of mortality were different than when calcium was analyzed as a continuous variable. This suggests that the unit of measurement of calcium (ie, presence versus continuous increments) may provide distinct information with respect to the relevance of a given vascular bed to mortality risk. In this respect, up to the age of 70 years, the prevalence of calcium in the thoracic aorta is less than that in the coronaries, iliacs, and abdominal aorta. After the age of 70, the prevalence of thoracic aortic calcium increases exponentially and surpasses that in all other vascular beds. 7 The pattern for the carotid arteries is similar to that for the thoracic aorta. 8 Moreover, those who have calcium in the thoracic aorta are likely to have calcium in other vascular beds, whereas those with calcium in the abdominal aorta or coronary arteries have a higher probability of having isolated disease. 9, 10 These results suggest that the presence of calcium in the thoracic aorta or carotid arteries is indicative of more extensive atherosclerotic burden and may therefore be associated with the highest risk of morbidity and mortality. However, in terms of extent of calcification, the iliac arteries showed the strongest association for all mortality end points, consistent with the wellknown association between the severity of peripheral artery disease and both CVD and total mortality. 11 An important finding from our study is that the presence and extent of arterial calcification in several vascular beds were strongly associated with non-CVD mortality and that these associations were independent of age, body mass index, and smoking, which are risk factors for a number of non-CVD conditions. One potential explanation for this finding is a chronic inflammatory state that characterizes many chronic diseases, including cancer, infection, and neurodegenerative disorders, 12, 13 all of which are underlying causes of non-CVD death in our cohort. In support of this hypothesis, atherosclerotic calcification has been linked to higher levels of inflammatory markers, such as C-reactive protein, interleukin-6, and adipokines. 14 -16 However, these associations tend to be modest and often become nonsignificant with adjustment for traditional CVD risk factors. Alternatively, previous data have suggested that atherosclerosis represents an abnormality in innate (phagocytic leukocytes, complement, and proinflammatory cytokines) and adaptive (T cells, antibodies, and immunoregulatory cytokines) immune function. 17 If this is true, immune function abnormalities may be a common pathophysiology in the association between calcified atherosclerosis and both CVD and non-CVD mortality. Investigation into other potential mediators of the association between arterial calcification and non-CVD chronic diseases is needed to clarify these relationships.
There have been many studies showing that CAC is significantly associated with both total and CVD mortality. 18 -20 The literature for noncoronary calcium and mortality is more limited. Previous studies have shown that thoracic aortic calcification is significantly associated with fatal and nonfatal CVD events 21 and total mortality 3,22 independently of CAC, whereas calcification in the abdominal aorta is significantly associated with CVD mortality. 4 Importantly, in the latter study, the calcium deposits were detected by lateral radiographs, making comparisons with the results of studies using CT difficult. We are aware of no studies that have examined the association between calcium in either the carotid or iliac arteries and mortality. Therefore, our report extends findings for abdominal aortic calcium showing that results are similar irrespective of measurement by plain radiography or CT and provides new data for carotid and iliac calcification.
The results of this study should not be construed as support for conducting whole-body scans with the sole purpose of determining risk of different types of mortality. Rather, this study indicates that vascular calcium found on diagnostic CT scans may be used for assessing risk, and that those done for lung screening may be most relevant because they would capture images of the thoracic aorta, which was found to have strong and significant associations with all types of mortality in our study. This is particularly germane, as a recent trial using CT of the chest for screening of smokers (which imparts much less radiation than a cardiac CT scan) was stopped early because of a highly significant benefit. 23 Therefore, from a clinical perspective, the information on calcified atherosclerosis in the thoracic aorta could be considered by the health care provider to improve morbidity and mortality risk stratification, estimation of "arterial age," and a potential motivational tool for patients.
Strengths of this study include a relatively large sample that was free of extant clinical disease at baseline, measurement of calcified atherosclerosis that spans many vascular beds, the use of a single CT scanner, and assessment of both total and cause specific mortality. Conversely, there are some limitations. The study population was a clinical sample and may not generalize to the larger community-living population, especially given the lower prevalence of diabetes in this cohort. Calcification determined by CT cannot distinguish between intimal and medial calcification. However, as the prevalence of diabetes was quite low in our population and medial calcification is typically seen in those with diabetes or end stage renal disease, we believe the possibility of misclassification is low. Finally, the number of cases of CVD mortality was relatively small and may have limited our ability to find significant associations for this outcome. Importantly, as we used the underlying cause of death from the death certificates in these analyses, there were likely several cases where CVD may have been a contributing (but not underlying) cause of death. As such, the associations with CVD mortality are likely conservative.
In conclusion, the results of this study indicate that higher levels of calcium in different vascular beds are associated not only with CVD mortality but also with non-CVD and total mortality. Moreover, the location of the arterial calcification appears to be relevant to the strength of the association with mortality, and the CVD risk factors appear to mediate some of this association. Notably, there are current recommendations and guidelines for the use of CAC in the CVD risk stratification. 24 Given the results of the current study, future research is warranted to determine whether current recommendations on CAC measurements should be expanded to include calcium in other vascular beds.
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